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Abstract. Let i? be a ring and {a, 6) a quasi-derivation of R. In 
this paper, we show that if R is an (cr, 5)-skew Armendariz ring and 
satisfies the condition (Co-), then R is right p.q.-Baer if and only 
if the Ore extension R[x] a, 6] is right p.q.-Baer. As a consequence 
we obtain a generalization of pT| . 



1. Introduction 

Throughout this paper, R denotes an associative ring with unity. For 
a subset X of R, rR{X) = {a e R\Xa = 0} and iniX) = {a e R\aX = 
0} will stand for the right and the left annihilator of X in i? respectively. 
By Kaplansky [12], a right annihilator of X is always a right ideal, and 
if X is a right ideal then rji{X) is a two-sided ideal. An Ore extension 
of a ring R is denoted by R[x;a,6], where a is an endomorphism of 
R and 5 is a a- derivation, i.e., S: R ^ R is an additive map such 
that 6{ab) = cr{a)6{b) + 6{a)b for all a,b & R (the pair {cr,6) is also 
called a quasi-derivation of R). Recall that elements of R[x;a,6] are 
polynomials in x with coefficients written on the left. Multiplication 
in R[x; a, S] is given by the multiplication in R and the condition xa = 
a{a)x + 6{a), for all a & R. We say that a subset X of i? is (a, 6)-stable 
if o"(X) C X and S{X) C X. Recall that a ring R is {quasi)-Baer 
if the right annihilator of every (right ideal) nonempty subset of R is 
generated by an idempotent. Kaplansky [12], introduced Baer rings to 
abstract various property of *-algebras and Von Neumann algebras. 
Clark [Jj , defined quasi-Baer rings and used them to characterize when 
a finite dimensional algebra with unity over an algebraically closed field 
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is isomorphic to a twisted matrix units semigroup algebra. Another 
generahzation of Baer rings are the p. p. -rings. A ring i? is a right 
(respectively, left) p. p. -ring if the right (respectively, left) annihilator 
of an element of R is generated by an idempotent (right p. p. -rings are 
also known as the right Rickart rings). R is called a p. p. -ring if it is both 
right and left p.p.-ring. Birkenmeier et al. [1], introduced principally 
quasi-Baer rings and used them to generalize many results on reduced 
p. p. -rings. A ring is called right principally quasi-Baer (or simply right 
p. q.- Baer) if the right annihilator of a principal right ideal is generated 
by an idempotent. Similarly, left p.q.-Baer rings can be defined. A ring 
R is called p.q.-Baer if it is both right and left p.q.-Baer. For more 
details and examples of right p.q.-Baer rings, see Birkenmeier et al. [4]. 



From Birkenmeier et al. [3], an idempotent e E Ris left (respectively, 
right) semicentral in R if ere = re (respectively, ere = er), for all 
r E R. Equivalently, e^ = e G i? is left (respectively, right) semicentral 
if eR (respectively. Re) is an ideal of R. Since the right annihilator 
of a right ideal is an ideal, we see that the right annihilator of a right 
ideal is generated by a left semicentral in a quasi-Baer (p.q.-Baer) ring. 
We use Si{R) and Sr{R) for the sets of all left and right semicentral 
idempotents, respectively. Also note Se{R) fl Sr{R) = B{R), where 
B{R) is the set of all central idempotents of R. If i? is a semiprime 
ring then Se{R) = Sr{R) = B{R). Recall that i? is a reduced ring 
if it has no nonzero nilpotent elements. A ring R is abelian if every 
idempotent of R is central. We can easily observe that every reduced 
ring is abelian. 

According to Krempa [13] , an endomorphism a of a ring R is called 
rigid if aa{a) = implies a = for all a E R. We call a ring R a-rigid 
if there exists a rigid endomorphism a of R. Note that any rigid endo- 
morphism of a ring i? is a monomorphism and cr-rigid rings are reduced 
by Hong et al. [11]. A ring R is called Armendariz (respectively, a-skew 
Armendariz) if whenever polynomials / = X]r=o 9 = XljLo ^i-^"' 
R[x\ (respectively, R[x;a]) satisfy fg = then aibj = (respectively, 
aia^{bj) = 0) for each i,j. From Hashemi and Moussavi [H], a ring 
R is called an [a, 6)-skew Armendariz ring if for p = ^27=0 ^^^^ ^^"^ 
q = Yl^=o^j^'' R[x;a,6], pq = implies aiX^bjX^ = for each i,j. 
Note that [a, 5)-skew Armendariz rings are generalization of a-skew 
Armendariz rings, cx-rigid rings and Armendariz rings, see Hong et al. 
[lOj . for more details. Following Hashemi and Moussavi [8], a ring R is 
(7- compatible if for each a,b E R, aa{b) = ab = 0. Moreover, R is 
said to be 6-compatible if for each a,b E R, ab = ^ a5{b) = 0. If i? is 
both (j-compatible and 5-compatible, we say that R is (a, 5)- compatible. 
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Birkenmeier et al. ^ Theorem 3.1], have proved that R is right p.q.- 
Baer if and only if R[x] is right p.q.-Baer. Hong et ah fHX Corollary 
15], have showed that, if R is a-rigid, then R is right p.q.-Baer if 
and only if R[x; a, 6] is right p.q.-Baer. Also, Hashemi and Moussavi 
in [H Corollary 2.8], have proved that under the (a, (5)-compatibility 
assumption on the ring R, R is right p.q.-Baer if and only if R[x; a, 6] 
is right p.q.Baer. 

In this paper, we prove that if R is an (cr, 5)-skew Armendariz ring 
and satisfies the condition (Co-) (see Definition [T]), then R is right p.q.- 
Baer if and only if the Ore extension R[x; a, 6] is right p.q.-Baer. If R 
is a (T-rigid ring then R is {a, 5)-skew Armendariz ring and satisfies the 
condition So that we obtain a generalization of [TT| Corollary 15]. 

2. Preliminaries and Examples 

For any < i < j (i, j G N), // G End{R, +) will denote the map 
which is the sum of all possible words in a, S built with i letters a and 
j — i letters 6 (e.g., = a" and = 5'^,n G N). For any n G N 
and r E R we have x"r = J2i=o fi'ij')^^ in the ring R[x] cr, 5] (see [SI 
Lemma 4.1]). 

Lemma 2.1. Let R be a ring and a,b,c E R such that b G rji{cR) = cR 
and Re is (a, 5)-stable for some e G Se{R). Then: 

(i) ca{ab) = c6{ab) = 0; 

(ii) cfliab) = 0, for all < k < j {k,j G N). 

Proof, (z) C(7{ab) = ca{a)a{b), but b = eb, so ca{ab) = ccr(a)cr(e)cr(6), 
since a{e) = a{e)e. Then ca{ab) = ca{a)a{e)ea{b) = 0, because e G 
rji{cR). Also cS{ab) = c6{aeb) = ca{ae)6{b) +c6{ae)b, but cS{ae)b = 0. 
So c5{ab) = ca{ae)6{b) = ccr(a)cr(e)e5(6) = 0. 

(ii) It follows from (i). □ 

Definition 1. Let a be an endomorphism of a ring R. We say that R 
satisfies the condition if whenever aa{b) = with a,b E R, then 
ab = 0. 

Lemma 2.2. Let a be an endomorphism of a ring R. The following 
are equivalent: 

{{) R satisfies {C„) and reduced; 
(ii) R is (T-rigid. 

Proof. Let a E R such that aa{a) = then = 0, since R is reduced 
so a = 0. Conversely, let a,b E R such that acr{b) = then baa{ba) = 
0, since R is a-rigid (so reduced) then ba = ab = 0. □ 
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Lemma 2.3. Let R be a ring, a an endomorphism of R and 5 he a 
a-derivation of R. If R is (a, 6) -compatible. Then for a,b E R, ab = 
implies a flip) = for all j > i > 0. 

Proof. // ab = 0, then aa^{b) = aS^{b) = for all i > and j > 0, 
because R is {a, 6) -compatible. Then af-{b) = for all i,j. □ 

There is an example of a ring R and an endomorphism a oi R such 
that R is cr-skew Armendariz and R is not cr-compatible. 

Example 1. Consider a ring of polynomials over Z2, i? = Z2[x]. Let 
a: R^ R be an endomorphism defined by a{f{x)) = /(O). Then: 
(i) R is not cr-compatible. Let f = l-\-x, g = xER, we have fg = 
(1 + x)x 7^ 0, however fcr{g) = (1 + x)a{x) = 0. 
(u) R is a-skew Armendariz [TOl Example 5]. 

In the next example, S = R/I is a. ring and a an endomorphism of 

5 such that S is a-compatible and not a-skew Armendariz. 

Example 2. LefL be the ring of integers andZ^ be the ring of integers 
modulo 4- Consider the ring 

R=i(^ \aeZ,beZi^ 

a b\\ _ ja —b 
a ~ [0 a 



Let a: R ^ R be an endomorphism defined by a 



Take the ideal / = <| |a G 4z| of R. Consider the factor ring 

(i) R/I is not a-skew Armendariz. In fact, ((q ^)~'~(o 



2 



Oe{R/I)[x;a], but Ij ^ (^2 0^ _^ q_ 

(ii) R/I IS a-compatible. Let A = (^^ ,B= (^^ G R/I. If 

AB = then aa' = and ab' = ba' = 0, so that Aa{B) = 0. The same 
for the converse. Therefore R/I is a -compatible. 

Example 3. Consider the ring 
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where Z and Q are the set of all integers and all rational numbers, 
respectively. The ring R is commutative, let a : R —>■ R be an automor- 

pMsm defined by a (^(^^ l)) = (o 

(i) R is not a -rigid. {^^ o) ^ ((o o)) " ^' (o o) ^ ^' 
t ^ 0. 

{ii) a{Re) C Re for all e G Se{R). R has only two idempotents, 
Co = I g g I end ci = I g ^ \ , let r = I g ^1 G R, we have 
o"(reo) G Rcq and o"(rei) G Rci. 

a ; \ b 



Hi) R satisfies the condition (Co-). Let ( ^ ^ ] ^^c^ ( ^ ? ) G i? 



a t \ f f b X 



.rvvo " ))^°' 

hence ab = = ax/2 + tb, so a = or 6 = 0. In each case, ax + tb = 0, 

hence ^g ^^^g Therefore R satisfies 

(iv) R is a -skew Armendariz [HI Example 1]. 

3. Ore extensions over right p.q.-Baer rings 

The principally quasi-Baerness of a ring R do not inherit the Ore 
extensions of R. The following example shows that, there exists an 
endomorphism cr of a ring R such that R is right p.q.-Baer, Re is a- 
stable for all e G Se{R) and not satisfying (Co-), but R[x] a] is not right 
p.q.-Baer. 

Example 4. Let K be a field and R = K.[t] a polynomial ring over K 
with the endomorphism a given by (j{f{t)) = /(O) for all f{t) G R. 
Then R is a principal ideal domain so right p.q.-Baer. 
(i) R[x; a] is not right p.q.-Baer. Consider a right ideal xR[x; cr]. Then 

x{fo{t) + fl{t)x + ■ ■ ■ + fn{t)x^} = /o(0)x + /i(0)x2 + . . . + /„(0)X"+1 

for all fo(t) + fi(t)x + ■ ■ ■ + fn(t)x'^ G R[x; a] and hence xR[x; cr] = 
{aiX + a2X^ + ■ • ■ + a„x"| n E N, G IK (z = 0, 1, ■ ■ ■ ,n)}. Note that 
R[x; a] has only two idempotents and 1 by simple computation. Since 
(aiX+a2X^ + - ■ ■+anX"')l = aiX+a2X^ + - ■ ■ + a„x" ^ for some nonzero 
element aix + a2X^ + ■ ■ ■ + a„a;" G xR[x; a], we get 1 ^ rRix;a]{xR[x] cr]) 
and so rfiix;a]{xR[x; a]) ^ i?[a;;cr]. Also, since {a\x + a^x^ + ■•■ + 
anX"')t = for all aiX+a2x'^-\-- ■ ■+anX"' G xR[x; a], t G rRi^^.^-^{xR[x; cr]) 
and hence rR[a..o-](xi?[a:; cr]) 7^ 0. T/ifis T'_R[x;o-](a^-R[a^; c"]) noi generated 
by an idempotent. Therefore R[x;a] is not a right p.q.-Baer ring, [6l 
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Example 2.8]. 

(ii) R does not satisfy the condition {C„). Take / = cio + (^it + (^2^^ + 

ha„t" and g = 6it + 62^^H Vbmt^ , since g{0) = so, f(j{g) = 0, 

but fg ^ 0. 

{Hi) R has only two idempotents and 1 so Re is a-stable for all 
eeSe{R). 

Proposition 3.1. Let R be a ring and (cr, 5) a quasi- derivation of R. 
Assume that Re is {o-,6)-stable for all e G Si{R) and R satisfies the 
condition (Co-). // R is right p.q.-Baer then so is R[x; cr, 6]. 

Proof. The idea of proof is similar to that of [5, Theorem 3.1]. Let 

S = R[x;a,6] andp{x) = Co + CiX + - ■ ■ + CnX'"' G S. There is Cj G Si{R) 

such that rji{ciR) = CiR, for i = 0,1, - ■ ■ ,n. Let e = e„e„_i ■ ■ - Cq, then 

e G St>{R) and eR = CiLo^ni'^i^) ■ 

Claim 1. eS C rs{p{x)S). 

Let {p{x) = ao + aix + ■ ■ ■ + amx"^ G S, we have 

n mm 

p{x)^{x)e = (^QxO(J](J]afc/^(e)x'=)), 

i=0 k=0 j=k 

since Re is fl- stable {0 < k < j) , we have fl{e) = uj^e for some ul E R 
{0<k <j). Sop{x)^{x)e = (Er=oCia;0(Er=o(Ej^fc«fcwie)x'^), if we 
set Yl^k'^kui = ak, then 

n m n m i 

p{x)^{x)e = (^CiX*)(^afcex'=) = ^ ^(c, ^ /j(afce))x^■+^ 

i=0 k=0 i=0 k=0 j=0 

but eR C rji{ciR), for i = 0,1, ■ ■ ■ n. So p{x){p{x)e = 0. Therefore 

C rs{p{x)S). 
Claim 2. rs{p{x)R) C e^. 

Let ^{x) = ao + aix + ■ ■ ■ + amx"^ G rs{p{x)R). Since p{x)Rip{x) = 0, 
we have p{x)b(f{x) = for all b E R. Thus 

n m i 
i=0 k=0 j=0 

So, we have the following system of equations: 

Cno'^ibam) = 0; (0) 

c„a"(6a^_i) + Cn-ia'''\bam) + Cnfn-i{bam) = 0; (1) 
Cna''{bam-2) + c„_icr""^(6am_i) + Cnfn_i{bam-i) + c„_2a""^(6am) (2) 
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+Cn-lfnl2{bam) + C„/^_2(&an^) = 0; 

c„cT"(6a^_3)+c„_icr"~^(6a^_2)+c„/^_i(&a„„2)+Cn-20-""^(&am-i) (3) 
+c„_i/"r2 (6a„_i) + c„/^_2(&a„„i) + c„_3cr"~^(6am) + c„_2/^r3 (fea™) 
+c„_i/"r3 (6a™) + c„/^_3(6a„) = 0; 

n m i 

j+A:=£ i=0 fc=0 i=0 
n 

^Ci5*(6ao) = 0. (rt + m) 

From eq. (0), tfe /iawe Cnbam = i/ien G TR^CnR) = CnR- Since 
Cnbam = 0, so in eq. (1), by Lemma l2J\ we have Cnfn-i{bam) = and 
eq. (1) simplifies to 

Cn(y''{bara-i) + c^^id""^ (6a„) = 0. (1') 

Lei s E R and take b = sen in eg. (1'). Then 

c„cr"(se„am_i) + Cn-i(T"""^(se„am) = 0. 

ButCnSCnam-i = 0, SO c„o""(se„am-i) = 0. Thus Cn^ia"'^^{senam) = 0, 

so Cn-lSCndm = but Cndm = dm, thc Cq. {!') t/iclds Cn-lSdm = 0. 

Hence dm G rR^Cn-iR), thus Om € e„e„_i-R and so c„cr"(6am-i) = 0, 
so Cn6am-i = 0, thus dm-i e e„i? = rR^CnR). 

Now in eq. (2), since Cnbdm-i = Cn-ibdm = Cnbm = 0, because 
dm e rjiicnR) n rR(c„_ii?) and d^^i e rji{cnR). By Lemma\2J\ we 
have 

Cnfn_l{bdm-l) = Cn-lfnZlibam) = Cnfn_2(pdm) = 0, 

because dm G e„e„_i-R and a^-i G e„i?. 5*0, eg. (2), simplifies to 

c„a"(6a„_2) + c„_ia"-^(6a„_i) + c„_2CT"-2(6a™) = 0. (2') 
In eq. (2'), taA;e b = se„e„_i. T/ien 

c„cr"(se„e„_iam_2)+c„_icr"~^(se„e„_iam-i)+c„_20-""^(se„e„_iam) = 0. 
But 

CnC""'('Se„e„_iam-2) = c„_icr" "^(se„e„_iam-i) = 0. 
i^ence c„-2cr''"^(se„e„_ia™) = 0, so c„_2se„e„_iam = c„_2sam = 0, 
thus dm e rfi{cn-2R) = ^n-iR and so d.ra G e„e„_ie„_2-R. The eq. (2') 
becomes 

c„a"(6a™_2) + Cn-ia^'^bdm-i) = 0. (2") 
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Take b = sen in eq. (2"), so c„(j"(se„am_2) + c„_icr""^(se„am_i) = 0, 
then c„_icr"^-'^(se„am-i) = because c„cr"(se„am_2) = 0, thus 

then ttm-i G rji{cn-iR) = e„_i-R and so Om-i ^ e„e„_i-R. From eq. 
(2"), we obtain also CnCr"' {bam-2) = = Cnbam-2, so am-2 £ e„i?. 
Summarizing at this point, we have 

am e e„e„_ie„_2-R, a.m-i e e„e„_ii? and a.m_2 G e„i?. 
A^'ow m eg. (3), since 

Cnbam-2 = Cn-lbam-i = Cnbam-1 = C„_2&am = Cn-lbam = Cnbam = 0. 

because e rp.{cnR) n rij(c„,„ii?) n rij(c„„2-R), a^-i e rji{cnR) fl 
rji{cn^iR) and 0^-2 £ ^^{cnR)- By Lemma l2J\ we have 

Cnfn-lipam-2) = C„_l/"_2 (feflm-l) = C„/"_2(&0,m-l) = Cn-2fn-li^'^rn) 
= Cn-lfnlsiba-m) = Cnfn_sibam) = 0, 

because am-2 e rR{cnR), ctm-i e TR^CnR) n rij(c„_ii?) and G 
rH(c„i?) n rH(c„_ii?) n r/j(c„_2-R)- 5'ci eg. (3) becomes 

Cncr^'ibam--,) + C„_i(T""^(6a^_2) + +c„_2fT""^(&am-i) (3') 

+c„_3a"-3(6a„) = 0. 

Let b = se„e„_ie„_2 «n eq. (3'), ti;e obtain 

c„cr"(se„e„_ie„_2am-3) + Cn-io"" "'^(se„e„_ie„_2am-2) 

+c„_20-"~^(se„e„_ie„_2am-i) + c„_3CT""^(se„e„_ie„_2am) = 0. 
By the above results, we have 

Cncr"(se„e„_ie„_2am_3) = Cn-i(T""-^(se„en-ie„_2am_2) 

= Cn-20"''"^(se„e„_ie„_2am_i) = 0, 

i/ienc„_30-"~^(se„e„_ie„_2am) = 0, so c„_3se„e„_ie„_2am = Cn-ssam = 
0, hence € e„e„_ie„_2e„_3i?, and eq. (3') simplifies to 

c„a"(6a^_3) + c„_i(T"-i(6a„_2) + c„_2a"-2(6a™_i) = 0. (3") 
In eq. (3") substitute sCnCn-i for b to obtain 

Cn<7"('5e„e„_iam~3)+Cn-iC'"" ^ (■se„e„_iam-2)+Cn-20"" ^(■5e„e„_iam-i) = 0. 

c„cr'^(se„e„_iam_3) = c„_icr""^(se„e„_iam-3) = 0. 
S'oc„,_2cr""^(se„e„_ia„_i) = = c„_2se„e„_iam-i = c„_2sa„-i. Hence 
ttm-i G e„e„_ie„_2-R, one? eq. (3") simplifies to 

Cna'^iba^.^) + c„_ia"'^(6a™_2) = 0. (3'") 
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In eq. (3'") substitute sen for b to obtain 

c„cr"(se„a„_3) +c„_icr"~^(se„a„_2) = 0. 

But c„(T"(se„a„_3) = 0, so c„„io-"~^(se„am_2) = = Cn-isenam-2 = 
Cn^isam~2- Hence am-2 G ^n^n-iR, and eq. {?>"') simplifies to 

c„a'"(6a„_3) = 0, 

then Cnbttm-s = 0. Hence a^^a G e„-R. 
Summarizing at this point, we have 

and am~-3 G e„-R. Continuing this procedure yields ai G ei? /or a// i = 
0, 1, • • ■ , m. Hence (f{x) G ei?[a;; a, 5] . Consequently, rs{p{x)R) C eS*. 
Finally, by Claims 1 and 2, we have rs{p{x)R) C eS* C rs{p{x)S). 
Also, since p{x)R C p{x)S, we have rs{p{x)S) C rs{p{x)R). Thus 
rs{p{x)S) = eS . Therefore R[x; a, 6] is right p.q.-Baer. □ 

From Example HI we can see that the condition "i? satisfies 
in Proposition 13.11 is not superfiuous. On the other hand, there is an 
example which satisfies all the hypothesis of Proposition 13.11 

Example 5. [HI Example 1.1]. Let Ri be a right p.q.-Baer, D a domain 
and R = T„(i?i) © D[y], where T„(_Ri) is the upper n x n triangular 
matrix ring over Ri. Let a: D[y] — > D[y] be a monomorphism which 
is not surjective. Then we have the following: 

(i) R is right p.q.-Baer. By Tn{Ri) is right p.q.-Baer and hence 
Tn{Ri) © D[y] is right p.q.-Baer. 

(ii) R satisfies the condition (C^). Let a: R ^ R be an endomorphism 
defined by a{A © f{y)) = A® a{f{y)) for each A G T„(-Ri) and f{y) G 
D[y]. Suppose that {A © f{y))o{B © g{y)) = 0. Then AB = and 
f[y)a{g{y)) = 0. Since D[y] is a domain and a is a monomorphism, 
f{y) = orj{y) = 0. Hence {A © f{y)){B © g{y)) = 0. 

[Hi) Re is a-stable for all e G Si{R). Idempotents of R are of the form 
Co = v4 © and ei = A © 1, for some idempotent A G T„(_Ri). Since 
a(eo) = Co and o'(ei) = ei, we have the stability desired. Note that R 
is not reduced, and hence it is not a-rigid. 

Corollary 3.2. Let (cr, 6) be a quasi- derivation of a ring R. Assume 

that R is right p.q.-Baer, if R satisfies one of the following: 

(z) R is {a,6)-skew Armendariz and satisfies (Co-); 

{ii) Si{R) = B{R), a{Re) C Re for all e G B{R) and R satisfies (Co-); 

{Hi) R is a-rigid. 

Then a, 5] is right p.q.-Baer. 
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Proof, (i) By P Lemma 4], Re is (cr, 6) -stable for all e G Se{R). 

(ii) It follows from Proposition VJ . 1\ and [21 Lemma 2.3]. 

{Hi) Follows from Lemma \2. 2\ and [SJ Lemma 2.5]. □ 

Now, we focus on the converse of Proposition 13. 1[ 

Proposition 3.3. Let {a, 6) a quasi- derivation of a ring R such that 
R is {a,6)-skew Armendariz. If R[x;a,6] is right p.q.-Baer then R is 
right p.q.-Baer. 

Proof. Let S = R[x; a, 6] and a E R. By^ Lemma 5], there exists e G 
Si{R), such that rs{aS) = eS, in particular aRe = 0, then e G rji{aR), 
also eR C VR^aR). Conversely, if b E VR^aR), we have aRb = 0, then 
b = ef for some / = ao + aix + a2x'^ + ■ — h a^x*^ G S, but b E R, thus 
b = eat). Therefore b G eR. So that rji{aR) = eR. 

□ 

Theorem 3.4. Let (cr, S) a quasi- derivation of a ring R such that R is 
{a, 6) -skew Armendariz and satisfies (C^). Then R is right p.q.-Baer if 
and only if R[x; a, 6] is right p.q.-Baer. 

Proof. It follows immediately from Corollary \3.2\ and Proposition \3 

□ 

Corollary 3.5 ( [TT| Corollary 15]). Let R be a ring, a an endomor- 
phism and 6 be a a-derivation of R. If R is a-rigid, then R is right 
p.q.-Baer if and only if R[x; a, 6] is right p.q.-Baer. 

From Example [3l we see that Theorem 13.41 is a generalization of [HI 
Corollary 15]. There is an example of a ring R and a quasi-derivation 
(a, 6), which satisfies all the hypothesis of Theorem 13. 4[ 

Example 6 ([2, Example 3.11]). Let R = C where C is the field of 
complex numbers. Define a: R ^ R and 6: R R by a{z) = z and 
5{z) = z — 'z, where z is the conjugate of z. a is an automorphism of 
R and 6 is a a-derivation. We have 
[i) R is Baer (so right p.q.-Baer) reduced; 

(a) R is a-rigid, then it is {a,6)-skew Armendariz and satisfies (Co-). 

Remark. ExampleUl shows that Theorem \3.4\ is not a consequence of 
m Corollary 2.8]. 
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